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abstract. An investigation of the vascular plant flora of the wetlands in the 
Chapare, an extremely high-precipitation region along the base of the Bolivian 
Andes, was undertaken from 1994 to 1996. One hundred fifty-one species in 52 
families and 107 genera were identified as occurring in the region's wetlands. In 

c c c 

contrast to the terrestrial flora of the Chapare and of other regions in the Andean 
forelands, Chapare wetlands were found to be characteristically species-poor ( 5—49 
species). Nevertheless, the Chapare wetland flora contained a number of rare or 
noteworthy species, and represented the southern distributional limit for a number of 
taxa. The diversity of Chapare “wetland species" (i.e., species considered to be 
strongly associated with Neotropical wetlands) was low relative to other South 
American lowland regions when considered in terms of total number of species and 
from species-area curves. A regional trend toward fewer wetland species with 
increased precipitation was apparent; however, data supporting this relationship were 
inconclusive. Despite low floristic similarities (Sorensen's Index) between study 
sites, the majority of the Chapare study sites were closely situated in an ordination by 
Detrended Correspondence Analysis (DCA) of the floras of 46 wetlands distributed 
throughout Bolivia. At the regional scale. Holistic similarities with other regions 

c c 

considered in this study were relativeh low. As might be expected, an ordination of 

J . Lr | 

the regional data indicated that the Chapare wetland flora was most strongly 

I C r 

associated with the other lowland Bolivian regions, while the most geographically 
distant regions were also the furthest removed in ordination space. 
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The region along the base of the Cordillera Oriental (Eastern Range) of 
the Bolivian Andes in the Department of Cochabamba is colloquially 
referred to as the Cliaparc. At times, the Andean slopes are also included 
in the delineation of the Chapare (e.g.. Guyot and Watson 1994; Solomon 
1989), but the name is most often used solely in reference to the lowlands, 
a usage that is also applied here. The Chapare (Figure I) occupies the 
transition between the Andes and the extensive floodplain that extends 
northwards through the Department of Beni and eastwards to the 
Brazilian Shield. The largest part of this floodplain, the Beni basin, is 
characteristically quite level and occupies elevations between 150-250 m 
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Figure 1. Study silo locations. a. South America, with approximate centers of 
extra-Bolivian Operational Geographic Units (OGUs): A. Lowland Amazonian Peru; 
B. Central Amazonia; C. Brazilian portion of the Gran Pantanal de Mato Grosso; D. 
Rfo Parana Delta. Bolivia occupies the shaded portion in the center of the continent, 
h. Bolivia, with approximate delineation of the Bolivian (Kills; I. While-water 

























2()()4| 


Ritter—Too Wet For Aquatic Plants? 


3 


(Killeen et al. 1993; Plafker 1964). Topography in the Chapare is more 
variable, with low hills creating a dissected relief. Although the Chapare 
region includes territory from three provinces (Chapare, Tiraque, and 
Carrasco) the colloquial name for the region is quite functional, circum¬ 
scribing an area characterized by high rainfall, high temperatures, low 
elevations, and (previously) extensive tracts of rainforest. Although the 
precise geographic limits are not clearly defined, the Chapare has an area 
of approximately 3000 (Henkel 1995) to 4000 km 2 (determined from 
maps using the “cut and weigh method,” cf. Lind 1985). 

The Chapare is situated in an “inside corner” of the Andes, formed by 
a change from an approximately southwest to northeast orientation of the 
mountains to a more eastern bearing. This region and the adjacent Andean 
slopes receive the highest amount of rainfall in Bolivia. Maximum mean 
annual precipitation in the Chapare reaches an estimated 4900 mm/yr, 
with a maximum hydrologic year of 6900 mm (Morris et al. 1983). 
Rainfall is even greater in the lower Andean slopes just above the 
Chapare, where mean annual precipitation is estimated to reach 6000 
(Moraes and Beck 1992) to 7000 mm/yr (Guyot and Watson 1994). 
Rainfall decreases northwards away from the mountains and eastwards 
toward the City of Santa Cruz (Morris et al. 1983). Thus, in the approx¬ 
imately 70 km between the two most disjunct Chapare study sites (see 
Materials and Methods) mean annual precipitation ranged from about 


2500 mm to > 4500 mm (estimated from isohyets presented in Morris et 
al. 1983). Despite abundant precipitation, the region still experiences 
a few months of low rainfall (roughly. June to August), such that many of 
the area’s small ponds and roadside ditches dry out completely. Mean 
monthly temperatures range from 20° to 38 C (Henkel 1995), with a mean 
annual temperature of 21.8° (Maldonado et al. 1996) to 25°C (Killeen et 
al. 1993). Temperatures in the region always remain above 0°C. 

The slopes of the Cordillera Oriental are precipitous, with the transition 


between montane peaks (> 4500 m) and the lowlands occurring over 


a short distance (ca. 30—40 km, linea recta). The slopes above the Chapare 
are characterized by deposits of sedimentary rocks that consist primarily of 
shales and may be greater than 200 m in thickness (Morris et al. 1983). 
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Floodplain; II. Chiquitanfa; III. Bolivian portion of the Gran Pantanai de Mato 
Grosso; IV. Chapare; V. Andean Piedmont, c. Location of the Chapare (Bolivia) 
study sites: a. Mariposa Wetland; b. Ivirgarsama Marsh: c. Senda F Wetland; d. Villa 
Tunari Pond; e. Sinahota Pond; f. Valle de Sajta Curichi; g. Puerto Villarroel Laguna. 
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These substrata and their derived soils are unstable and lend to erode 
rapidly when stripped of vegetation (Morris et al. 1983); rates of erosion 
are extremely variable, ranging from an estimated 1000—20,000 t/knv/yr 
(Guyot and Watson 1994). Al the base of the mountains, the shales are 
overlain by deposited alluvial materials. These deposits are generally 
arrayed sequentially from coarse materials at the foothills to liner-grained 
sediments away from the mountains (Morris et al. 1983). 

The rivers draining the steep Andean slopes arrive at the Chapare with 
meat force and are extremely dynamic upon reaching the easily credible 
soils. Erosion and sedimentation occur rapidly (Morris et al. 1983), with 
lateral channel migrations a constant feature of the Chapare's rivers. 
Salo et al. (1986) analyzed channel dynamics in Peruvian Amazonia by 

mm m 

comparing aerial photographs from 1962-63 with a 1976 Landsat 
(satellite) image. They estimated that for their area of study in lowland 
Peru the mean lateral erosion rate of meander bends during this period 
was 12 m/yr (Salo et al. 1986). It seems reasonable that channel migra- 

9 mf ' 

lion in the Chapare rivers could he of a similar magnitude. 

The rivers of the Beni basin are characteristically very turbid (Guyot 
and Watson 1994). corresponding to white-water rivers (scnsu Sioli 
1973). On the floodplain, the rivers are an opaque brown from their large 
load of suspended line particles; however, river water in the Chapare is 
generally much more transparent. This phenomenon presumably occurs 
because the rivers and streams that drain the Andean slopes are generally 
clear and only carry large amounts of sediments when the vegetative 

J J ^ 

cover, which protects the weathered substratum, is subjected to land¬ 
slides and other large-scale disturbances (cf. Sioli 1984). 



Historically, the Chapare's terrestrial vegetation was dominated by u 
forest, characterized by high diversity (Killeen et al. 1993). However, 
during the 1960s and '70s the government advanced colonization of the 


region, constructing roads to and within the Chapare and apportion¬ 
ing 2()2.()()() ha of land for new colonists (Henkel 1993). Logging has 
been extensive and large portions of the region have been cleared for 
agriculture, with approximately 80% of the land dedicated to the culti¬ 
vation of coca (Erythroxylnm coca) and the remaining 20% to other crops. 
Consequently, the greatest part of the Chapare's remaining forested 
habitats are secondary forest. 

There have been few limnological investigations of the Chapare's 
aquatic habitats, and references to the aquatic flora are nearly nonexistent. 
Limnological studies were undertaken by Barra et al. (1990), Cadima 
(1990), and Maldonado et al. (1996). Of these, the sole reference to the 
vascular flora was from Maldonado el al., who listed the macrophytes 
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Table I. Study sites of the Chapare region (Bolivia), with elevation, approximate 
area, number ol species encountered, approximate location, and dates visited. 


Study Site 
Name 

Elev. 

(m) 

A rea 
(ha) 

Spp- 

Location 

Dates Visited 

Mariposa Wetland 

220 

1.5 

49 

I7°orS, 65°02'W 

1 1/27/94; 3/5/95; 
6/8/95; 1 1/1/96 

Ivirgarsama Marsh 

200 

0.7 

44 

17°0I'S, 64°50'W 

2/23-24/96: 5/10/96: 

10/27/96 

Senda F Wetland 

200 

0.2 

19 

16°52'S. 65°08'W 

6/1/94: II/I 1/94; 
3/4/95 

Villa Tunari Pond 

300 

0.3 

1 1 

17°0I'S, 65°26'W 

1 1/12/94; 3/5/95; 
6/8/95 

Sinahota Pond 

240 

0.15 

9 

17°00'S, 65°18'W 

11 /12/94; 6/8/95 

Valle de Sajta 

C u rich i 

220 

0.2 

6 

17°07'S, 64°43'W 

3/20/95 

Puerto Villarroel 
Lasuna 

200 

30.0 

S 

16°49' S, 64°48'W 

3/19/95: 11/1/96 


encountered in a series of kikes on the Rfo ichilo floodplain. Additional 
information comes from Jimenez (19K4), who listed various wetland 
species in his account of the flora of the Department of Cochabamba. 

In the present study, I undertook a botanical survey of the wetlands of 
the Chapare as a portion of a larger study of the wetlands ol Bolivia (Ritter 
2000). My specific objectives were as follows: I) to prepare a provisiona 
checklist of the vascular plant species associated with Chapare wetland 
habitats; 2) to identify rare or noteworthy species from these habitats; 3) 
to estimate the range of site-level vascular plant species richness; 4) to 
compare species richness in the Chapare wetland flora to lowland regions 
in Bolivia and other South American countries; and 5) to examine floristic 
similarities among the Chapare wetland flora and these regions. To these 
ends, the flora of the Chapare wetlands is listed and noteworthy species 
are discussed. Comparisons of species richness and Hol istic similarity are 
made between study sites. At the regional level, comparisons are made 
among the Chapare wetland flora and seven lowland regions in Amazonia 
and extra-Amazonian South America. 


MATERIALS AND METHODS 


Study sites. Within the Chapare. seven wetland systems were 
established as study sites (Table I: Figure I). Although field research 
was concentrated on these systems, additional botanical collecting was 
undertaken in a variety of wetland types (e.g., small marshes, streams. 
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rivers, oxbow lakes, strand lakes, and inundated roadside ditches). Brief 
descriptions of the study sites follow. 


1. Mariposa Welland. 

The Mariposa Wetland was located alongside the highway from the 

1 w C7 J 

Chapare to Santa Cruz, approximately 1.5 km east of the community of 


Mariposa. The system consisted of two small (< 0.3 ha) ponds fringed 
with a strip of marshy habitat. The ponds occupied shallow depressions 
(ca. 2 m deep) that were created when lill for an adjacent highway was 
excavated from the site. The marsh was situated between the ponds and 
the highway and was essentially a wide (ca. 50 m) section of the "borrow 
canals” that typically flanked the highway and other roads in the region. 
Although these canals extend for many kilometers, investigations of the 

V- J C 

Mariposa "system” were limited to an approximately 200 in long section 


of marsh, centered on the two ponds. A small, seasonal stream delineated 
the western edge of the study site. Total study site area was approximately 
0.8 ha. 

In contrast to many similar small bodies of water in the Chapare. the 
ponds contained water throughout the year, suggesting that they received 
some subsurface water inflow. During the dry season, standing water 
disappeared from most areas of the marsh; soil conditions varied from 
fairly dry to saturated during this period. Although this system un¬ 
doubtedly received substantial inputs of runoff from adjacent uplands 
during the rainy season, there were no large rivers near the site. Thus, the 
system did not appear to receive the periodic influxes of water-borne 
sediment that were characteristic of many of the Chapare's aquatic 
habitats. 


2. Ivirgarsama Marsh. 


I he Ivirgarsama Marsh was located alongside the unpaved road that 
connected the highway to Santa Cruz with the town of Puerto Villarroel. 
The system was composed of a small (ca. 0.2 ha) shallow pond with an 
adjoining (ca. 0.5 ha) marshy area in the area between the pond and the 
road. Smaller sections of marsh also occurred along the other edges of 
the pond. A narrow stream flowed through the system, entering the pond 
at one end and discharging through the marsh at the f ar end of the system. 

C c c J 

As with the Mariposa Wetland, the marsh was essentially a widening 
of a typical roadside borrow canal, however the pond at the Ivirgar- 
sama Marsh appeared to be of natural origin. The Ivirgarsama Marsh was 
unique among the Chapare study sites because of the well-developed 
floating mats of vegetation present along the edges of the pond. 
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3. Senda F Wetland. 

The Senda F Wetland was located between the town of Chimore and 
the Rfo Chapare. The system was situated adjacent to an unpaved road 
and was continuous with the borrow canals that flanked the road. A 


small stream flowed into the southeast corner of the marsh, and a number 


of small, fairly deep pools were present. Hence, habitat heterogeneity 
was much higher than was typical for the region's roadside canals. The 
area surveyed was approximately 80 m long with a maximum width ol 
about 13 m on either side of the road. Water levels at the site fluctuated 
seasonally and standing water was absent from parts of the marsh during 
the driest portions of the year. 


4. Villa Tunari Pond. 

The Villa Tunari Pond was a small pond located alongside the 
Cochabamba-Santa Cruz highway, approximately 4 km east of the town 
of Villa Tunari. As it was situated near to the start of the ascent of the 
Cordillera Oriental (Eastern Range) of the Andes, the system occupied 
a slightly higher elevation (300 m) than the other Chapare sites. During 
the dry season, the pond's surface covered an area ol about 0.3 ha: 
during the rainy season, large portions ol the upland areas adjacent to the 
pond became shallowly inundated and the limits of the “system" were 
indistinct. Maximum depth during the rainy season was on the order ol 
2.0—2.5 m: water levels dropped significantly during the dry season. 
Although the basin was never observed to be entirely without standing 

C? wt 

water, it seems likelv that this might occur during dry years. 


5. Sinahota Pond. 

The Sinahota Pond was another small (approximately 0.15 ha) seasonal 
pond situated alongside the Cochabamba-Santa Cruz highway, approx¬ 
imately 2 km west of the town of Sinahota. Maximum depth during the 
rainy season was about 2.0 m: during the dry season the system dried out 
completely. The basin was fairly steep-sided and, in contrast to the Villa 
Tunari Pond, inundation did not appear to extend to the surrounding areas 
during typical high water stages. 


6. Valle de Sajta Curichi. 

In the Bolivian lowlands, a “curichi" is a system that occupies a section 
of a former river channel, and which normally does not dry-down 
completely during the dry season (Beck 1984). The Valle dc Sajta Curichi 


consisted of two small ponds separated by a narrow (10 m) strip ol land. 
The ponds originally comprised a section of a river channel—most likely 
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the nearby Rfo Zabala—and developed into their present form after being 
stranded due to ehannel migration. The ponds appeared to be connected 
by a subterranean passage and the system was said to contain water year- 
round. 


7. Puerto Villarroe 1 Laguna. 

I he Puerto Villarroel Laguna, a large curichi, was the largest and 
deepest of the Chapare study sites. Despite being located in a region 
characterized by “white-water." the system's water was stained dark 

or 

from organic aeids. Maximum depth was difficult to determine, but 
appeared to be at least 4 m. The lake's area as estimated using the cut and 
weigh method (Lind 1985) on a 1:1 ()().()()() scale topographical map, was 
found to occupy 70 ha: however, during visits to the site the area was 
visually estimated at about 15 ha. As a compromise, 30 ha. was selected 
as a rough approximation of the system's size. 


Vegetation sampling. Sampling focused on compiling comprehen¬ 
sive site floras. As noted, the study sites were fairly limited in size 
(Table 1): it was possible to survey each site in its entirety. Fieldwork 
was conducted intermittently from June 1994 to November 1996. Sites 
received multiple visits (Table I) whenever possible in order to view the 
systems under different hydrologic conditions and thus to maximize the 
number of species encountered. Preferably, fieldwork was scheduled so 
that sites were visited during both the wet and dry seasons, but due to 

J 

various constraints this was not always possible. 


Voucher specimens were made of all species observed at each site 
and, with one exception, were deposited in the Herbario Forestal 
(boi.v; Cochabamba) and the University of New Hampshire's Hodgdon 
Herbarium (niia). When available, duplicates were deposited at the 
Herbario Nacional de Bolivia (lpb; La Paz), the herbarium of the Museo 
de Historia Natural “Noel Kempl'f Mercado" (us/.: Santa Cruz), and the 
Missouri Botanical Garden herbarium (mo). A checklist, including life- 
form and species abundances at each site, is presented as an Appendix. 


Floristic comparisons. A regional checklist of wetland species was 
compiled from the study sites and augmented by data from general 

1 mJ J C 

collecting in the Chapare, from the literature, and from cxsiccatae listed in 
the Missouri Botanical Garden database, TROPICOS. Published sources 
used to augment the checklist were Maldonado et al. (1996). which was 
incorporated in its entirety, and Jimenez (1984). which was reviewed for 
species collected from the Chapare. 




2004] 


Ritter—Too Wet For Aquatic Plants? 


9 


Table 2. Operational Geographic Units (OGUs) utilized in this study, with 
estimated total area, number of wetland species, and Holistic similarity (Sorensen s 
Index) between the OGU and the Chapare. Detailed descriptions of the OGUs and an 
account of the sources used in compiling the floras are given in Ritter (2000). 


OGU 

Approximate Area 

(km 2 ) 

No. of 
Species 

Floristic 

Similarity 

Chapare 

4000 

I 13 

— 

Andean Piedmont 

5000 

144 

33.6 

White-water Floodplain 

325,000 

464 

31.5 

Chiquitanfa 

190,000 

541 

28.4 

Gran Pantanal (Bolivia and 

140,000 

451 

23.4 

Brazil) 

Central Amazonia (Brazil) 

70,700 

429 

32.8 

Lowland Amazonian Peru 

533,100 

255 

28.8 

Rfo Parana Delta (Argentina) 

23,700 

297 

10.7 


Floristic relationships were analyzed at two scales: 1) among study 
sites and, 2) among regions (mesoregional scale sensit McLaughlin 
1994). Regional comparisons were made among the flora of the 
Chapare and the following OGUs (Operational Geographical Unit, cf. 
Crovello 1981): Central Amazonia (Brazil), Lowland Amazonian Peru, 
the R(o Parana Delta region (Argentina), the Gran Pantanal de 
Mato Grosso (Bolivia and Brazil), and three additional areas of 
lowland Bolivia (the While-water Floodplain, Chiquitanfa, and Andean 
Piedmont regions). For each OGU, estimated total area, total wetland 


species, and calculated floristic similarities arc presented in Table 2. It 
should be noted that the total number of wetland species included for 
the Chapare in regional comparisons is less than the number of species 
listed in the Appendix, as species lacking complete identifications and 
species not considered to be strongly associated with wetlands were 
excluded from regional floristic comparisons. Salient characteristics of 
the OGUs are presented where warranted; detailed descriptions, and an 
account of the sources used to compile OGU floras are given in Ritter 
( 2000 ). 


Ascription of "wetland species. 


»? 


In order to undertake regional- 



comparisons, a checklist of wetland species (Ritter, unpubl. 
database) was used to determine species presence in each OGU. A 
complete account of the sources used in compiling the checklist and 
a discussion of the criteria used in the ascription of species is presented 

in Ritter (2000). 
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Data analysis. Degrees of Holistic similarity among OGUs were 
analyzed using Sorensen's Index (Magurran 1988): 

S = 2j -r- (a + b) 

where a is the total number of species in OGU 1. b the total number of 
species in OGU 2. and j the number of species present in both OGU I 
and OGU 2. 

As with most similarity indices. Sorensen's Index gives equal weight to 
species in calculating Holistic similarity. However, shared rare or 
uncommon species in a pair of OGUs can also serve as valid indicators of 
Holistic similarity (Simberloff and Connor 1070). In order to assess the 



relative contribution of these species to overall Holistic similarity, the 
frequencies of "species classes" (e.g., species present in all OGUs. 
species restricted to 2 OGUs, etc.) were graphed. This analysis was not 
conducted among all OGUs; rather it was restricted solely to comparisons 
between the Chapare flora and the other OGUs. Because Holistic 
similarities (Sorensen's Index) between the Rio Parana Delta region and 
other OGUs were uniformly low. this OGU was excluded from this 

mJ 

analysis. 

J 

In order to express Holistic relationships among all OGUs simulta¬ 
neously. data were organized into a binary matrix of OGUs versus species 
(recorded as presence-absence values) and were ordinated using 
Detrended Correspondence Analysis (DCA; 




and Gauch 1980). 
Ordinations were conducted using the software package. PC-ORD (MjM 
Software. Gleneden Beach. OR). 


RES I 'LI'S 


Vegetation description. One hundred lifly-one species. 


in 52 


families and 107 genera, were identified as being associated with Chapare 
wetlands (Appendix). The Poaceae (14 genera. 25 spp.) and Cyperaccac 
(8 genera, I 7 spp.) were the best-represented families; Panicum (Poaceae. 
9 spp.) and Liuhvigia (Onagraceae. 7 spp.) were the best-represented 
genera. 


Biodiversity. The number of species encountered at the individual 
sites varied widely (5-49 spp.; Table I). and was not consistently 
correlated with area. Por example, the largest site (the Puerto Villarroel 
Laguna. 30 ha) possessed the fewest species (5). and the second largest 
site (the Mariposa Wetland, 1.5 ha) the greatest number of species (49). In 
order to compare richness in the Chapare sites with wetlands from other 
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Log Area (ha) 

Figure 2. Species-area curve plotted from data from 23 lowland Bolivian 
wetlands (Ritter 2000). with the C’hapare (Bolivia) study sites identified by name. 


Wetland types: B. bahi'a: BS. basin swamp: L. small lake (< 500 ha); LL. large lake 
(> 500 ha): M. marsh: P. pond; RM. riparian marsh. Linear regression: log S = 1.39 
-0.17 lot: A: r = 



Bolivian lowland regions, a species-area curve (Figure 2) was plotted 
from the Chapare data augmented with data from an additional 16 
Bolivian lowland wetland systems (Ritter 2000). Study sites situated 
above the regression line were considered to be relatively species-rich, 
whereas those below the line were considered to be relatively species- 
poor. The Chapare sites could generally be characterized as species-poor, 
as four of the seven systems were located well below the regression line. 
Of the remaining systems, one was located just above the regression line, 
and two were situated well above the line. 

At the regional level, wetland floras ranged from 113—541 species, with 
the Chapare possessing the poorest and the Chiquitama the richest floras 
(Table 2). In order to establish a point of reference for comparing diversity 
among OGUs, a species-area curve (Figure 3) was plotted using 
cumulative species (wetland species) and area (total regional area) for 
the countries of the Neotropics and Mexico (Ritter 2000). This curve was 
considered to represent the general trend for wetland species richness 
throughout the Neotropics. Discrete species-area data from the Chapare 
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2 3 4 5 6 7 8 


Log Area (knr) 


figure 3. Species diversity of the Operational Geographic Units considered in 
comparisons with the C'hapare (Bolivia) wetland llora. Diversity is relative to 
a regression line litted to a species-area curve plotted from cumulative species-area 


data from the Neotropical countries, including all of Mexico (see Ritter 2000). Values 

precipitation (mni/yr). Linear 


m 



indicate estimated 


regression: lot! S= 1.19 


mean annual 
0.29 log A: r = 0.90. 


and the oilier OGUs considered here were added lo the plot. Il was evident 
that the C’hapare could, indeed, be considered species-poor, as it was 
situated well below the regression line. Other species-poor OGUs were 
Lowland Amazonian Peru and the White-water Floodplain. By contrast, 
the Andean Piedmont region, which is contiguous with the Chapare, 
constituted the richest (>GU. 


Floristic similarities. Floristic similarities (Sorensen's Index) 
between study sites were quite variable, ranging from 0-43.0%. In 


general. Holistic similarities were low, with all but three pairs of sites 
having similarities below 20%. Despite the generally low floristic 

I 4^ J 

similarities, live of the seven Chapare study sites were closely situated in 
ordination space in an ordination (I)CA) of the 46 Bolivian study sites 
(Figure 4). 

At the regional level, the Chapare showed the least floristic similarity 
(Sorensen s Index) to the Rio Parana Delta region (10.7%: Table 2): 
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Figure 4. Ordination by Detrended Correspondence Analysis (DCA) of 46 
Bolivian study sites. The seven Chapare study sites are identified by name. Key to 

•/ I J J m 

wetland types: B. bahfa; BS, basin swamp: L. small lake (< 500 ha): LL, large lake 
(> 500 ha): M. marsh: P, pond: RM, riparian marsh. Data from Ritter (2000a). 


however, the latter showed few floristic affinities to any of the OGUs 
(10.7-27.8%). Floristic similarities between the Chapare and the 
remaining OGUs showed little variability, ranging from 23.4-33.6%. 
The Chapare was most similar to the Andean Piedmont (33.6%), but this 


was scarcely higher than the similarities 



the Chapare and 


Lowland Amazonian Peru (32.8%) and White-water Floodplain (31.5%) 


re a tons. 


An ordination of the regions by DCA (Figure 5) suggested that the 
floristic relationships were more complex than suggested by Sorensen's 
Index. The Chapare and the remaining lowland Bolivian OGUs were 
grouped in fairly close proximity in ordination space. The extra-Bolivian 
Amazonian OGUs (Lowland Amazonian Peru and Central Amazonia) 
occupied positions that were disjunct from this grouping. The Rto Parana 
Delta region formed the endpoint of the first axis, occupying a position far 
removed from all other OGUs. 

A graphical representation of the distribution of species frequency 
“classes" (Figure 6), demonstrated that the relative contribution of the 
different classes to floristic similarities was quite variable. In order to 
facilitate discussion of these relationships, descriptive names were 
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Figure 5. Ordination of the Operational Geographic Units ((Kills) by Detrended 
Correspondence Analysis (DCA). OGUs: AP. Andean Piedmont; CA. Central 
Amazonia; CQ, Chiquitam'a; GP. Gran Panlanal; PA. Lowland Amazonian Peru; RP. 
Rio Parana Delta: WAV. White-water Floodplain. Values in parentheses indicate 
estimated mean annual precipitation (mm/yr). 



assigned to the lour "classes” of species: I) "ubiquitous,'’ present in ; 
OGUs; 2) "widely distributed,” present in 6 OGUs; 3) "intermittent,” 
present in 4-3 OGUs; and 4) "rarely shared,” restricted to 2-3 OGUs. It 
should be noted that these labels were not intended to represent actual 
species distributions; rather, they refer to species distributions within this 


particular set of OGUs. In all cases, ubiquitous and widely shared species 
contributed the greatest amount to Hol istic similarity (52.1-79.2%). with 
intermittent species accounting for the greatest portion (18.8-39.8%) of 


the remaining similarity. In all cases, rarely shared species contributed 
relatively little (1.9- 



to overall Holistic similarity. 


DISCI SSI()N 


Vegetation description. The Chapare wetlands were distinct from 
wetlands of other South American lowlands regions, both in Holistic 
composition and structure. Floating vegetation mats, a typical feature of 
lowland Neotropical wetlands (e.g.. Junk 1970, 1983). were conspic¬ 
uously absent from the majority of the Chapare study sites. Exceptions 
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Figure 6. Frequency of species shared between the Chapare and the other 
Operational Geographic Units (OGUs). Figures below the OGU name indicate the 
number of species present in both the OGU and the Chapare. followed by Holistic 
similarity (Sorensen s Index). Boxes correspond to species classes (i.e.. the number 
of OGUs in which the species was present) as indicated by the key along the bottom 
of the figure; the vertical dimension of each box is proportional to the number of 
species that it represents. Values associated with the boxes indicate the percentage 
that this portion of the flora contributed to the total species shared between the OGU 
and the Chapare. 


were the Ivirgarsama Marsh, which possessed a well-developed floating 
mat of Eleocharis aeutangula, and a few other systems visited during 
general reconnaissance that possessed poorly developed mats of Poaceae 
spp. and Polygonum hydropiperoicles. 

Palm swamps, a type of wetland that is common throughout the 
greatest part of the Bolivian lowlands (e.g., Balslev and Moraes 1989; 
Beck 1984; Moraes 1991). were not encountered in the Chapare. While it 
may well be that palm swamps were present in the region, none were 
observed during this study. Likewise, in the distribution of Bolivian 
palms presented by Balslev and Moraes (1989) no "wetland palms” |e.g.. 
Copernieia alba Morong, Euterpe precatoria C. Mart., Mauritia fle.vuosa 
L. f., Mauritiella armata (Mart.) Burret| were listed for the Chapare. 
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The aquatic herb Eichhornia azurea Kunth (Ponlederiaceae) is 
ubiquitous throughout most areas of the Bolivian lowlands, where it 
frequently contributes to the formation of extensive floating mats of 
vegetation. Nevertheless, E. azurea was not noted in the Chapare. A 
closely related species, E. era.wipes, is also commonly encountered in the 
wetlands of lowland Bolivia and occurs in abundance in some wetlands of 
the dry Interandean Valleys of the Bolivian Andes (Ritter 2000). Vet, E. 
erassipes was rare in the Chapare. This species was not encountered 
during (ieldwork for this study, nor was it listed for the region by Jimenez 

J Cc J 

(1984): however, Maldonado et al. (1996) did cite a single population. 

Submerged macrophytes were not well-represented, with only a few 
species noted: Myriophyllum mattoyrossense (Haloragaceae). Mayacu 
lonyipes (Mayacaeeae), and Eichhornia divcrsifolia (Pontederiaceae). 

(7 species, 

Appendix). Nevertheless, L. hehninihorrhiza (Mart.) H. Hara and L. 
sedioides (Humb. & Bonpl.) II. Hara, two aquatic species sensu stricto 
that are very common in other Bolivian lowland regions, were not 

J 

encountered in the Chapare. The Lentibulariaceae were also poorly 


The genus Ludwiyia (Onagraceae) was wen-re 



represented, with the ubiquitous Utricularia yihha the sole 


species 


encountered. In contrast, this family was well-represented in the 
Chiquitama (17 spp. in two genera). Gran Pantanal (10 spp.), and 
White-water Floodplain (8 spp.) regions (Ritter 2000). 



Despite the C’hapare's small wetland flora relative to other Bolivian 
lowland regions (Table 2), a number of noteworthy species were 
I he herb Tonina Jlnviatilis (Erioeaulaeeae) covered portions of the 
Mariposa Wetland. Although the Erioeaulaeeae are fairly well-repre¬ 
sented in Bolivia's wetlands, with at least 5 genera and 17 species (Ritter 
2000), /’. Jlnviatilis was the sole member of the family encountered in the 
Chapare. Although T. Jlnviatilis is widely distributed (Mexico to Central 
South America, Cuba, and Trinidad; 11lift 1994). in Bolivia this species is 
apparently known only from three widely separated sites: the Mariposa 

Wetland, a wetland in the Pando (extreme northern Bolivia), and a recently 

•/ 

encountered population in eastern Bolivia, in Parque Naeional Noel 
Kempff Mercado (Ritter 2000). Surprisingly, despite the appreciable 
fieldwork undertaken by Haase and Beck in the extensive inundated 
savannas of central Bolivia (Beck 19X4; Haase 1989, 1990; Haase and 
Beck 1989). this species apparently is yet to be collected in that region. 

The submersed macrophyte Apalanthe yranatensis (Hydrocharitaccae) 
was present in abundance in the Senda E Wetland. Althoug 



possesses a fairly broad distribution (Colombia to Bolivia), it was 
previously reported for Bolivia from a single population (Cook 
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Nevertheless, A. granatensis was observed in a number of roadside pools 
and marshes in the Chapare, with additional populations noted in the 
Andean Piedmont region (Ritter 2000). 

The wetland shrub Ludwigia latifolia (()nagraceae) is also widely 
distributed, ranging from Nicaragua southwards to Brazil and Bolivia 

C L, 

(Ramamoorthy and Zardini 1987). In Bolivia. L. latifolia was previously 
known from a single record: a population in the Chapare along the Rio 
Isarsama. Nevertheless. L. latifolia appeared to be fairly common in this 
region, as during this study additional populations were encountered 
along three streams. 

Other noteworthy species were the rare Myriophyl/itm mattogros.scn.se 
(Haloragaceae), a submersed macrophyte which had previously not been 
known for the country (see Crow and Ritter 1999). and the waterlily 
Nymphaea glandulifera (Nymphaeaceae). which was previously known 
for Bolivia from a single population in the While-water Moodplain (see 
Ritter et al. 2001). The Chapare appeared to constitute the southern limit 
fora number of wetland species (c.g.. N. glandulifera . Ludwigia latifolia. 
Apalanthe granatensis , M. mattogrosscnse , and 7 onina flnviatihs). 


Biodiversity. Based solely on number of species, the Chapare study 
sites could be characterized as species-poor. These systems each 
possessed only 5-49 species (Table I). while systems from the other 
Bolivian lowland OGUs ranged in richness from 25-124 species (Rittei 
2000). Nevertheless, there were large-scale differences in the areas ol the 
sites considered in this comparison (i.e.. 0.15 ha in the smallest Chapare 


site to > 30,000 ha in the largest lowland Bolivian site) and larger sites 


would generally be expected to contain more species (cl. Rosenz.weig 

1995). " 

A more accurate comparison ol diversity can be seen in the species- 
area curve of data from the ( hapare sites augmented with data from an 
additional 16 Bolivian lowland wetland systems (Figure 2). The Chapare 
sites, with four of seven systems located well below the regression line, 
could generally be considered as species-poor. However, in a larger study 
of the wetlands of Bolivia (Ritter 2000). the various wetland types (c.g.. 
ponds, marshes, etc.) were found to be characteristically species-rich or 
-poor. Three of the four Chapare systems located below the regression 
line were either ponds or lakes, and these wetland types were generally 
found to be species-poor (Ritter 2000). Thus, the question arises whether 
or not the characterization of the wetlands of the Chapare as species-poor 
was due primarily to the regional sample having a fairly large proportion 
of species-poor wetland types. Still, as the two least diverse Bolivian 
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lowland marshes (a species-rich wetland type, Ritter 2000) were from the 
Chapare, it seems likely that the region's wetlands were, indeed, species- 
poor. 

Additional corroboration of the species-poor nature of Chapare 
wetlands can be seen in the study of 1 I lacustrine systems by Maldonado 
el al. i 1096). While the researchers' primary objectives were the 
characterization of the physicochemical condition of the lakes and the 
cataloging of the microllora and microfauna, the authors also compiled 
a checklist o 1 the systems' vascular plant flora. Their study sites were 
much larger than the sites considered here (with the exception of the 
Puerto Villarroel Lamina), ranging in area from 7.75-84.25 ha. In total. 


29 



were noted; however, because 



specimens were not 


identified, the authors presented only a partial checklist of 19 species. 
Site-level species-richness from this portion of the vascular flora ranged 
Irom 3-12 species; thus, species-richness could potentially have ranged 


Irom 13—22 species (i.e., ii all ten unidentified species were present at 
each site). This level of diversity is even lower than what was encountered 
at the seven Chapare systems considered here and is much lower than that 
ot equivalent-sized systems in other Bolivian lowland areas. For example, 
the two study sites listed for the Andean Piedmont region by Ritter (2000) 
were each about 15 ha in area and possessed 71 and 76 species. 

At the regional level, the Chapare possessed the fewest species (I 13; 
Table 2). and the Chiquitama the most species (541). However, as with 
site-level comparisons, a true measure of diversity requires that regional 
area also be considered. It would be ideal in a study of wetland habitats 
if regional area were calculated from just the area of inundated habitats 
within a region. Although I was able to estimate the extent of inundated 
area for the Bolivian lowland regions. I was unable to confidently do so 


lor all (Kills considered here. Thus, total regional area was substituted 
as a surrogate for regional wetland area. As demonstrated in Ritter 
(2000). this approach appears to be sound. It was evident from a plot of 
the regional species-area data (Figure 3) that the Chapare could, indeed, 
be considered species-poor, as it was situated well below the regression 
line. Other species-poor OGUs were Lowland Amazonian Peru and the 
White -water Floodplain. By contrast, the Andean Piedmont region, 
which is contiguous with the Chapare, was the richest OGU. 

Low species richness in the Chapare wetlands is not in accordance 
with what is known for terrestrial habitats in the Andean forelands 


(e. 


O 


• ^ 


Gentry 1988b; Salo et al. 1986). Gentry (1988a) determined 
that phytodiversity in the Neotropics was strongly correlated 


with precipitation. Flic richest forests were found in high rainfall areas 


2004| 


Killer—Too Wei For Aquatic Plants? 


19 


Table 3. Presence of the Alismatidae and the Alismataceae and estimated mean 
annual precipitation in selected Operational Geographic Lin its (OGUs). Precipitation 
data were estimated from the following sources: the Chapare, Morris et al. (1983): the 
White-water Floodplain, Andean Piedmont, and Chiquitania Regions, Hanagarth 
(1993), Killeen et al. (1993), and the Servieio Nacional de Meteorologfa e 
Hidrologia, La Paz; Central Amazonia, Ratisbona (1976); Lowland Amazonian Peru, 
Johnson (1976). Note: the Rfo Parana Delta region was excluded from these 
comparisons because it is situated far outside of the limits of Amazonia. 



Mean 


Alismatidae 



Annual 

Precipitation 

(mm/yr) 


Overall 


Alismataceae 

Region (OGU) 

Families 

Genera 

Species 

Species 

Gran Pantanal 

1 10(» 


9 

23 

13 

Chiquitanfa 

1200 

3 

8 

15 

10 

White-water 1 loodplain 

1650 

5 

8 

15 

9 

Andean Piedmont 

1700 

3 

9 

12 

4 

Central Amazonia 

2000 

A 

■» 

A 

A 

1 

(Brazil) 

Lowland Amazonian 

2600 

5 

9 

18 

1 1 

Peru 

Chapare 

3500 

3 

4 

4 

1 


(3000-4000 mm) w ith an aseasonal distribution of precipitation (Gentry 
1988a, 1992). Gentry (1988a) also noted that under very wet conditions 
the relationship became linear, with an asymptote reached at annual 
precipitation levels of around 4000-4500 mm. 

of the Chapare wetlands was not 



/ 



Nevertheless, the low 
entirely unexpected, as a positive correlation between species richness 
and a pronounced dry season had previously been noted in one group of 
aquatic plants by Haynes and Holm-Nielsen 11989). The authors noted 
a scarcity of species in the subclass Alismatidae in Neotropical regions 
that did not experience a pronounced wet-and-dry seasonality. Assuming 
that areas with low mean annual precipitation will generall) 
a longer dry season than areas with high mean annual precipitation, this 
correlation can be evidenced among the OGUs considered here (Table 3). 
Two of the three wettest OGUs (the Chapare and Central Amazonia) were 
clearly poorest in representatives of the Alismataceae, and of the 
Alismatidae in general, while the driest OGUs were generally richest. An 
exception was the third ‘‘wet ' OGU, Lowland Amazonian Peru, which 
possessed the second greatest number of species at both the subclass and 
familial levels. Nevertheless. Lowland Amazonian Peru does include 


areas 


w i t h 



low annual precipitation (Institute Geografico 
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Nacional 10,SO): hence, it seems reasonable that at least a portion of the 
species of Alismatidae noted for this region were restricted to these drier 
areas. 

A similar pattern was evident when considering the total wetland floras 
of the ( Kills. It can he seen from the plot of the regional species-area data 
(Figure 3) that both the wettest (Chapare) and the third-weltest (Lowland 
Amazonian Peru) (Kills could be considered as species-poor (i.e.. 
situated below the regression line) OGUs. Additionally, a negative 

Cl J 

correlation between species richness and precipitation can be evidenced 


in the difference in 



between the Chapare and the Andean 


Piedmont. These regions were approximately equal in area (Table 2) and 
were situated adjacent to each other along the base of the Andes. Yet. the 
markedly drier Andean Piedmont region (mean annual precipitation = ca. 
1700 nim/yr) possessed more than twice as many wetland species (244 
spp.; fable 2) as the Chapare (113 spp.). Furthermore, in the comparison 
with the general trend of diversity in the Neotropical wetland flora (Figure 
3) the Andean Piedmont region was shown to be pronouncedly more 
diverse. 1 am inclined to think that if species richness and precipitation 


data were compiled from a series of small, equal-area samples (i.e.. 3000 
km ). commencing with the Chapare and proceeding northwards and 
eastwards out onto the Beni basin, a negative correlation between these 

<w 

two factors would be demonstrated. The current state of both botanical 
and meteorological data from this region precludes this comparison. 

Factors other than precipitation are thought to contribute to the high 
levels of phytodiversity in Amazonia. The long-held view of Amazonian 
rainforests has emphasized stability, with forest regeneration seen as 
occurring predominantly in gaps from treefall (Salo el al. 1986). But. in 
the last two decades, researchers investigating the effects of floodplain 
dynamics on lowland Amazonian forests have formulated various 
hypotheses regarding the contribution of hydrology to forest formation, 
structure, and diversity (c.g.. Kalliola et al. 1991; Puhakka et al. 1992; 
Salo 1987; Salo el al. 1986). It is now recognized that a significant 
portion ol lowland Amazonian forest is growing upon substrata of 
fluvial origin. In western Amazonia even forests that are currently 
unflooded have their origins in the processes that are characteristic along 
present-day rivers (Kalliola et al. 1991 ). The lateral erosion and channel 
migration of the meandering rivers in this region are thought to bring 
about large-scale natural disturbance and initiate primary succession 
(Salo et al. I486). Accretion, erosion, and channel migration serve as 
a constant form of disturbance in this region, creating a mosaic of forests 
of different age structure; approximately 0.2G of the area of the active 
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meander plains and 0.02% of the Peruvian lowlands is eroded annually 
through these processes (Puhakka et al. 1002). 

et al. (1986) proposed that the high levels of disturbance 
associated with the effects of current and prist river dynamics is partially 
responsible for the elevated biological diversity of the upper Amazon 
basin. They suggested that: I) erosion and deposition created a variety of 

J CTCp I 

habitats, which, as forest succession and erosion went forward, resulted in 
a mosaic of different aged forest and soil types: 2) competitive exclusion 
was precluded because these habitats were fairly short-lived and were 
highly stable in species composition; and 3) there was a large degree of 
variation in water and soil chemistry, mode of sedimentation, and "case- 

J 

historical biogeographical events” (Salo et al. 1986. p. 267). The authors 


also proposed that, as a result of the high site turnover, intense 
disturbance, and the resulting varied forest structure, fluvial dynamics 


might be a major factor in creating and maintaining the high B-diversily 
characteristic of the upper Amazon basin. Nevertheless, as Puhakka et al. 
(1992) have pointed out, the relationship between vegetation patterns and 
river types are poorly understood: hence, it is difficult to assess the 
influence that fluvial dynamics may have had on a region's biota. 

Although fluvial dynamics may be positively linked with phytodiver¬ 
sity in lowland Amazonian terrestrial habitats, these forces appear to 
negatively impact the Chapare s wetlands. As river channels shift, oxbow 
and strand lakes are frequently formed. Many of these persist as lacustrine 
systems, but others may be reincorporated into the river's mainstem when 
the sediment dams separating them from the main channel are breached 
by Hooding and erosion. These transitions can occur over a fairly short 
period of time. For example, during field research a journey was taken up 
the Rio Ichilo to visit a I a rue (ca. 8 km lone) oxbow lake that had formed 
approximately two years previously (based on estimates provided by 
local fishermen). Upon arrival, it was found that the barriers separating 
the oxbow from the river had eroded, and the oxbow was once again 
joined with the Ichilo. 

Nevertheless, many of these systems can persist as isolated basins and 
will undergo various stages of lake-fill (i.e.. "successional stages”) over 



time. I examined a number of such systems during this studv and ; 
appeared to be species-poor. The flora differed from system to system 
but, in contrast to what is known for Amazonian terrestrial habitats, it 
was not evident that there were particular sets of species associated with 
various successional stages. Furthermore, in Bolivian lowland wetlands 
it appeared that systems with well-developed floating mats of vegetation 
generally were the most speciose, in part because of the capability of 
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these mats to become secondarily colonized by other taxa. As noted, 
floating mats were generally lacking or poorly developed in Chapare 
wetlands, and it seems likely that the aforementioned fluvial dynamics 

J J 

have contributed to their scarcity. 

In extensive areas of lowland South America, wetlands are subjected to 
large-scale, regular, seasonal hydrological pulses. Rather than function¬ 
ing its a disturbance and therefore limiting species richness, some 


researchers consider that these regular, monomodal pulses enhance 
diversity (e.g., Junk 1997; Junk et al. 19X9; Prado el al. 1994). The rivers 
of the Chapare. however, do not experience regular seasonal pulses. 
Instead, they fluctuate in response to precipitation in the upslope regions 
from which their tributaries flow. Although it may be that the absence of 

J 

a monomodal hydrologic pulse is associated with the low diversity of the 
Chapare wetlands, there is still some question as to whether or not these 
pulses characteristically have a positive effect on phytodiversity (see 

Ritter 2000). 

Any discussion of Chapare ecosystems needs to take into account 
anthropogenic disturbance. As noted, extensive portions of the Chapare 
have been converted to the production of coca (Hrxihrowiuni coca), with 
the greatest part intended for the manufacture of cocaine. Enormous 
quantities of various chemicals (e.g., ammonia, ether, kerosene, potassium 
permanganate, sodium bicarbonate, and sulfuric acid: Henkel 1995) are 
used each year in the extraction of coca paste, the first step of cocaine 
processing. As of the early 1990s, an estimated 4000—5000 coca paste- 
producing laboratories were operating in the Chapare. with the chemicals 
used in the extraction process disposed ol on site. Although it seems likely 
that diversity in the Chapare might be negatively impacted by such 
extensive chemical pollution, there is some evidence that this is not yet the 
case (Southwest Research Associates Inc. 1993. cited in Henkel 1995). 
Nevertheless, the region has unquestionably been subjected to extensive 
anthropogenic modifications in recent decades, and the assumption that 
these activities must have had some negative impact on diversity in the 
region's wetlands seems warranted. 


Floristic similarities. At the site leve 


Holistic similarities 


(Sorensen's Index) were generally low, ranging from 0-43%. In contrast, 
floristic similarities between aquatic systems of the Bolivian portion of 
the Ciran Panlanal de Mato Grosso ranged from 39-58% (Ritter 2000). 
All of the systems in the Pantanal study (with one exception) were much 
larger (i.e.. 3000-20,000 ha) than the Chapare sites, all but one of which 
were less than 2 ha. Thus, the C hapare site's low floristic similarities were 
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undoubtedly partially attributable to sample size. Furthermore, despite 
their generally low Holistic similarities, the majority of the Chapare study 
sites were situated in close proximity in an ordination (DCA) of the 46 
Bolivian study sites (Figure 4). The two systems that were disjunct (in 
ordination space) from the other Chapare study sites had extremely small 
floras (5 and 6 species), and their positions in the ordination were most 
likely due to their possessing one or two species that were common in 
most lowland systems but absent from the other Chapare sites. 


As all but one of the Chapare sites were quite small, it is not clear 
whether the low Hol istic similarities were the result of high B-diversity in 
the region's wetland flora, or if they were merely an artifact of system 
size. To elaborate, regions will possess a number of common species 


(which wall serve to elevate calculated Holistic similarities), and as the 


number of species present in small sites will, on average, be less than in 
large sites, the number of common (and thus, commonly shared) species 
encountered in small sites will, on average, be less than in large sites. 

^ r 

At the regional scale, the Chapare wetland flora appeared to possess 
equivalent floristic affinities (as calculated by Sorensen's Index) with the 
more northern Amazonian OGUs as with the other Bolivian lowland 
regions. However, the ordination of OGU floras by DCA (Figure 5) 


indicated that, as might be expected, the Chapare was more closely 
associated with the lowland Bolivian OGUs than with the extra-Bolivian 
Amazonian OGUs. 

Although the ordination suggested a close Holistic association among 

C Cc ^ 

the lowland Bolivian OGUs. this relationship was not nearly so evident 
from the histograms of the species frequency classes (Figure 6). The 
relationships between the Chapare wetland flora and the other OGUs 
consistently followed the same general pattern, with “ubiquitous” 
(present in all OGUs) and “widely shared" species 
OGUs) contributing the greatest amount to Holistic similarities. The 

r C C? 

largest contribution of “rarely shared" species (restricted to 2—3 OGUs) 
to Holistic similarity was between the Chapare and the spatially disjunct 
(both geographically and in ordination space; Figure 5) Lowland 
Amazonian Peru (13.4%). It had been hoped that both the ordination and 
the frequency analysis would provide evidence that the “wetter” OGUs 
were closely associated; however, in neither case was a close relation¬ 
ship suggested. 
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APPENDIX 

SPECIES ASSOCIATED WITH WETLANDS IN THE CHAPARE REGION 


Taxa marked with an asterisk (*) are considered to be non-native to Bolivia, as 
determined from the literature. Abbreviations for study sites are as follows: MW. 
Mariposa Wetland; IM, Ivirgarsama Marsh; SE, Senda F Wetland; VT, Villa Tunari 
Pond; SP, Sinahota Pond; PV, Puerto Villarroel Lamina; SC, Valle de Saila Curichi; 

C- 

GC, General Collectimz. Abbreviations for abundance are as follows: A, Abundant; 
F, Frequent; C, Common; O, Occasional; R, Rare; LA, Locally Abundant; NN, Not 
Noted. Taxa without listed voucher specimens are those known to be associated with 
Neotropical wetlands or that were noted in the Chapare by other researchers |data 
compiled from Jimenez 1984. Maldonado et al. 1993, and w'TROPICOS (Missouri 
Botanical Garden VAST nomenclatural database. Website: http://mobot.mobot.org/ 
3WT/Search/vast.hlml)J. 


POLYPODIOPHYTA (Ferns) 


H ym enoph v place a e. Trichomanes riyidnm Sw. - Emergent herb; GC/NN 


EYCOPODIACEAE. Lycopodium clavatnm L. - Trailing herb; MW/O, 1M/LA N. Kitten 
382/ (BOLV. LPB, MO. MIA). 


marattiaceae. Danacci cdlipticci Site - Emergent herb; GC/NN. 


pteridaceae. C eratopteris pteridoides (1 look.) I lieron. - Free-floating herb; SC/F, 
G(7A N. Ritter 1685 (bolv, lpb, mo, nha, w). Ritxroyramnia calomelanos (L.) Link - 
Emergent herb; IM/O N . Ritter 3161 (bolv. nha). 


saemmaceae. Salvinia minima Baker 

(BOLV. LPB, MO, NHA). 


Free-floating herb: SC/F N. Ritter 1689 


th ELY PIER 11) acea E. Thelypteris interrupta (Willd.) K. Iwats. - Emergent herb; 
1M/C N. Ritter 2980 (bolv, lpb. mo, nha, w). Thelypteris serrata (Cav.) Alston - 
Emergent herb; MW/C, I M/C, VT/R N . Ritter 3156 (bolv, nha). Thelypteris sp. — 
Emergent herb; 1M/LA N . Ritter 3820 (bolv. lpb. mo, nha. w). 
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MAGNOLIOPHYTA (Angiosperms) 


MAGNOLIOPSIDA (Dicotyledons) 

ACAVniAcioi:. Hygrophila costa fa Noes - Emergent herb: GC/LA N. Ritter SMS 
(holy, limy mo. mia. os/). Jnsticia cantata (L.) Sw. - Emergent herb; VT/A, GC/LA /V. 
Ritter 1613 (holy, lpb, mo, niia, w). 


\NA(’Aki)tA(*KAK. Tapirira guianensis An hi . - Tree; GC/NN. 


\P( >(a nackak. Mandevilla liirsitfa (Rich.) K. Schum. ('limber: MW/O N. Ritter 
3S40 ( holy, i pb, \io. \ii \). Odontadenia geniinata (I loffmanns. ex Roem. & Scluilt.) 

Climber; MW/R N. Ritter A M. Ritter 3853 (holv, niia). Prestonia 

.Are.) K. Schum. - ('limber: SF/O N. Ritter 1620 (not v. 


Mii II. A re. 


acutifolia (Benth. ex 



lpb. \io. mia). Rhahdadcma nuicrostoma (Benth.) Mull. Are. - Climber; SC/O N. 
Ritter I OSS (holy. lpb. mo. niia). 


vsci.kpiadai KAi:. Cynanchn/n numtevidense Spreng. - Climber: GC/O N. Ritter & 
M. Ritter 3S33 (bol\. mo, mia). Tassadia grazielae Fonlella - Climber; MW/A, 
IM/EA N. Ritter 1430 (holy. limy mo, niia, w). 


as i kkackak. Barrosoa confluentis (B. E. Rob.) R. M. Kine & H. Rob. — Emereent 

* r sir c* 

herb; IM/R N. Ritter 20S3 (not;v. uu mo. niia, \v). Pelipta prostrata (L.) L. - Emergent 
herb; SP/R N. Ritter 1430 (boiy. mo. niia). Prechtites hieraeiifoliu Ral. ex DC. - 
Emergent herb; IM/O N. Ritter 3S33 (hoi y. mia). Mikania ennyesta DC. — Climber; 
SF/C N. Ritter 3141 (holy, mo, niia). Mikania psilostaeliva DC. - Climber; MW/F N. 
Ritter 1641 (hoi y. lpb. mo. mia. w ). lessaria inteyri/olia Rui/ A Pav. Tree; GC'/A. 


hia.oni u i ai:. Begonia fischeri Scho 

(HOLY. NIIA. US/). 



Emereent herb; 



V. Ritter 2 OS I 


bob v(.ina( lai:. Cardin tefrandra Aubl. - T ree; GC'/NN. 


( abomb\( kak. Caho/nhu furcata Schult. cK: Scluilt. f. - Submersed herb: GC’/A N. 
Ritter 3SI2 (holy, i.hh, mo, niia). 


(AMHam lact’.al. L entropogoii coniutits ( L. ) Druce - Emergent herb; MW/LA, 
I M/C N. Ritter S: (142 Crow 23/0 (holy, i lb. mo. niia, \y). 


( iikysobalan vckak. Hirtella triandra Sw. - Tree; GC7F 


( liisiackak. Calophylhim hrasilicnse Cambess. - d ree; CiC/NN. \ ismia sp. — d ree: 
IM/R N. Ritter 3SIS (holy. niia). 


coN\oiAt LA( i:ak. Ipomoca cl. phillomega Mouse Climber; IM/O N. Ritter 3163 

( HOLY. LPB, NIIA). 


dilllmaclai;. Danila fiitida ( VahI) Kubit/ki 

(HOLY. MO, NIIA). 


( limber; IM/R N. Ritter 3SI6 
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erytiikoxylaceae. Erxtliro.xxhim eoea [.am. - Shrub: 1M/R N. Ritter .1819 (bol\ 


MO. MIA). 


euphorimaceae. Caperonia palnstris (I..) A. St.- 



Emersent herb, at times 


free-floating; SF/O. C!C’/C N. Ritter 1360 (bolv, Line mo. niia. w). 


kabaceae. Aesehxnomene nulis Bcntli. - Emergent herb: GC/A N. Ritter & (i.E. 
Crow 22/5 (bolv. lph. mo. niia. w). Desmodium adscendens (Sw.) DC’. - Climber: 
MW/C. I M/C N. Ritter 3825 (bolv. niia). Inpa itmhellifera (Vahl) Steud. ex DC. - 
Tree: (iC/NN. Mimosa pii>ra L. - Shrub; CiC/F N. Ritter 1399 (bolv. lph. mo. niia). 
Phaseohts sp. — Climber; MW/R. IM/t N. Ritter 3825 (bolv. niia). Zxi>ia caiih/lora 
(Willd.) Killip e.x Record - Tree: SF/O N. Ritter & G.E. Crow 112! (bolv. mo. niia). 
Indet. - Enieraent herb: MW/C N. Ritter .046 (bolv. niia). 


haloracaceae. Mxriophxlhtm mattoprossensc Hoehne - Submersed herb; GC/LA 
N. Ritter 3147 (bolv. oil lpb. mo. niia. us/). 


lamiaceae. Hxptis atronthctis Poit. - Emergent herb: MW/LA N. Ritter /bob 
(bolv. lpb, mo, nha. w). Hxptis hrexipes Bent h . - Emergent herb: SP/O N. Ritter 1395 
(bolv. lpb. mo. niia). Hxptis htettsiris A. St.-I lit. ex Bent h. - Emergent herb: IM/O N. 
Ritter 3157 (bolv. lpb. mo. nha). 


LENTlBllLAKiACEAE. Utrictilaria pihha I.. 


Suspended aquatic herb: IM/O N. Rittet 


3 S 39 (BOI V. niia). 


lokanthaceae. Plilliiriisa pxrifolia (Kunlli) Eiehler - Parasite; MW/C, 
Ritter 3S47 (bolv. lpb. mo. niia). 



N. 


LYTHKAt’KAK. Citpltea DielvilUi Lindt. 

NHA. W). 


Shrub: PV/F N. Ritter 1680 (bolv, lpb. mo. 


Malvaceae. Hibiscus sororins L. - Emeruent herb: PV/O N. Ritter 1682 (bolv. lpb 
mo, nha, w). Paronia fruticosu (P. Mill.) Puvvc. & Rendle — Emergenl herb; V I/O N, 
Ritter 1646 (bolv, lpb, mo. niia, w). 


melastomataceak. Aciotis acuminifoUa (Mart, ex DC.) Triana - Emergent herb: 
MW/O, IM/LA, GC/LA /V. Ritter 1637 (bolv. lpb. mo. niia, w). Aciotis caulialata 

- Emergent herb; MW/O N. Ritter 3342 (bolv. mo. nha). 


(Ruiz & Pav.) Triana - 
CUdemia cl. hiserrata DC'. — Shrub; MW/C N. Ritter 1640 (bolv, lpb. mo, niia. w). 
Cliclemia capitellata (Bonpl.) D. Don - Shrub: IM/NN N. Ritter 3133 (bolv, mo, nha. 
us). Miconia ampla Triana - Shrub; MW/A. IM/R N. Ritter A (i.E. Crow 2204 (bolv. 
lpb. mo. nha. vv). Miconia tomentosu (Rich.) D. Don - Shrub; IM/R N. Ritter 3313 

- Shrub; MW/O N. Ritter 3340 (bolv. lpb. mo. 


(BOLV, LPB. MO. NHA. US). 



‘O/JUt sp 


nha. us). Tococct all. nutcrophysca Spruce ex 'Triana - Shrub; MW/LA /V. Ritter eft 
G.E. Crow 2293 (bolv, on, lpb, mo. niia, us. w). 


myrtaceak. Eugenia fioricht DC. Understory tree; GC/NN. *Psidiiun gttajava 
L. - Understory tree; VT/O N. Ritter 1400 (bolv. lpb. mo. nha. w). 
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mmimiakac'Kai:. Nympluwa (imazoniim Marl. Zuev. subsp. aiihizoiinin - Rooted 
macrophyte with lloating leaves; GC'/C N. Ritter & C.E. Crow 231(1 (boi.v. lpb. mo. 
mia.vv). Nymphacu yhindnHfcra Rodseh. — Rooted macrophyte with floating leaves; 



\ 


A N. Ritter 1642 (boi.v. mo. mi a). 


o( iinaclak. 


Sauvagesia ereita L. 


Emergent herb; MW/C, I M/C N. Ritter 1633 


(BOL\. LPB, MO. MIA. YV). 


onaokac'Kak. Ludwi^ia affinis (DC.) Ilara - Emergent herb; GC/R /V. Ritter 3137 

V . • “ t f t. ’ 

(boi v. mi x). Ludwigia deeurrens Waller - Emergent herb; IM/O, GC/LA N. Ritter & 
(EE. C row 3339 (boi.\. on. lpb, mo, mia, yy ). Ludwigia inelinata (L. I.) M. Gome/. - 
Emergent herb; SE/C, GC/A N . Ritter 1614 (boi v. lpb, mo. niia, w). Ludwigia latifolia 
(Benth.) Ilara - Shrub; GC/O N . Ritter 2937 (boi.v. lpb. mo. mia. w). Ludwigia 
leptoearpa (Nutt.) Ilara - Emergent herb; SC/O. PV/O, GC/C N. Ritter 2977 (boia. 


lpb. mo. niia. yv). Ludwigia nervosa (Poir.) Ilara - Shrub; MW/A, IM/A, SE/C N. 


Ritter <£ (l.E. ('row II12 (boi v. lpb. mo. mia). Ludwigia oefovalvis (Jaeq.) Raven 
Emergent herb; SF/C, SP/C /V. Ritter 1392 (boly, lpb. mo. niia. yv). 


pipi:ka< i:al. Piper piUramcum C. DC. - Shrub; MW/C, IM/O N . Ritter 1639 (boi v. 


lpb. mo. niia. \v). 


poia (iONACLAL. Polygonum ferru^inewn Wecld. - Emergent herb; GC/LA N. Ritter 
& (EE. Crow 1133 (boia, lpb. mo. mia). Polygonum hxdropiperoides Michx. - 
Emergent herb; MW/C, IM/O, SP/F, GC/A /V. Ritter 1391 (boly, lpb, mo, niia, \v). 
Polygonum meisnerianum Cham. Schltdl. - Emergent herb; GC/LA N. Ritter 1613 
(boly, lpb, mo. nha, w). Polygonum plan tation Elliott - Emergent herb; SC/A, PV/F 
N. Ritter 1637 (bolv, lpb, mo. niia, yv). Triplaris amerieana L.. - Tree; GC/NN. 


klbiac'lal. Borreria oeyniifolia (Willd. e.x Roem. cN Selnilt.) Bacigalupo & E. L. 
Cabral - Emergent herb; GC/LA N . Ritter 1702 (boly. lpb. mo, mia, yv). 
C occocypschim hirsututn Bart 1. ex DC. - Emergent herb; MW/LA N. Ritter ct 
CEE. C row 2300 (boly, lpb. mo, niia). Genipa amerieana L. - Tree: GC/NN. 
:f: Oldetila/nlia lanafolia (Sehumaeh.) DC. - Emergent herb; MW/O, IM/O, SF/C, 
VT/C, SP/F, GC/F N. Ritter 1701 (boi v, lpb, mo, niia. yv). Pcdieourea riparia Benth. - 
Shrub; SF/O N. Ritter c£ G./:. Crow II 13 (bolv, mo. nha). Palieourea triphxlta DC. - 
Shrub; IM/R A. Ritter 3323 (bolv, lpb. mo. niia, us/, y\ ). Psvehotria poeppigiana 
Miill.Arg. - Shrub; MW/F N . Ritter A ( EE . (’ row 2309 (boi v. cap mo, niia, yv). 
Sabieea novo-granatensis K. Sehum. - Climber; MW/A. IM/O, SF/C, GC/O N. 
Ritter 1433 (bolv, lpb. mo. niia. yv). Sabieea villosa Willd. ex Roem. & Sehull. - 


Climber; GC/NN. Spermaeoee tennior I 


Emergent herb; VT/LA N. Ritter 1407 


(BOLV, LPB. MO. NHA. YY ). 


sapindackak. PauUinia pinnata L. - Climber; SF/O N. Ritter A CEE. C row 1120 
(BOLV, lpb, nha). 


sc kophlilariackak. IJndeniia sp. - Emergent herb; SP/LA N. Ritter 1337 (bolv, 
lpb. mo, nha, yy ). Seoparia dulcis L. - Emergent herb; GC/NN. *Torenia thouarsii 
(Cham. & Schltdl.) O. Kunt/e - Emergent herb; MW/O, IM/R, GC/C N. Ritter 1700 

(BOLV. LPB. MO, NHA). 
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spiienocleaceae. Splienoclea zcyla/uca Gaertn. - Emergent herb; GC/R. 


v rr ace a E. Cissits erosa Rich. - Climber; GC/LA N. Ritter 1694 (bolv, lpb, mo, 

NHA, W). 


LILIOPSIDA (Monocotyledons) 


aijsmataceae. Echinodorus cf. suhulutus (Marl.) Griseb. - Emergent herb; SF/O 
N. Ritter 1617 (bolv, lpb, mo, niia. ijna). 


akaceae. Pistia stratiotes L. - Free-floating herb; GC/NN. 


commelinaceae. Commelina sp. - Emergent herb; MW/NN N. Ritter 1442 (bolv, 

MO, NIIA). 


COSTACEAE. Costus arahicus F. - Emergent herb; IM/F N. Ritter 3152 (bolv, mo 
nha). Costus seaher Ruiz & Pav. - Emergent herb; GC/NN. 


cyperaceae. Calyptrocarya glomerulata { Brongn.) Urb. - Emergent herb; 
MW/LA N. Ritter & G.E. Crow 2705 (bolv, mo, nha. w). Cyperus aggregatus 
(Willd.) Endl. - Emergent herb; GC/LA N. Ritter 3810 (bolv. lpb. mo. nha, w). 
Cyperus haspan L. - Emergent herb; MW/F. IM/R N. Ritter 1635 (bolv. mo. nha. w). 
Cxperus luzulac Hochst. e.x Steud. - Emergent herb; IM/O, SF/C, VT/C N. Ritter 3834 
(bolv, mo. nha). Cyperus meyeniauus Kuntil - Emergent herb; MW/R, IM/C, SF/O A ; . 
Ritter 3814 (bolv, lpb, mo, nha, w). Cyperus surinamensis Rottb. - Emergent herb; SP/ 
F N. Ritter 1394 (bolv, mo, nha). Dip/acrum longifolium (Griseb.) C. B. Clarke - 
Emergent herb; MW/F/V. Ritter 1630 (bolv. mo.nha, w). Diplasia karataefoUa Rich. - 
Emergent herb; MW/R N. Ritter & G.E. Crow 2307 (bolv. mo. niia, w). Eleocharis 
acutangula (Roxb.) Schult. - Floating mat-forming herb; IM/A N. Ritter 2979 (bolv. 
lpb, mo, nha, w). Eleocharis eleeans (Kunth) Rocm. & Schult. - Emergent herb; GC/O 

C * - 

N. Ritter 3135 (boi.v. mo. nha). Eleocharis interstincta R. Br. - Emergent herb; MW/A 
N . Ritter 1433 (bolv. mo, nha). Finthrisi\iis dichotomu (L.) Vahl - Emergent herb: !M/ 

mt 

LA, GC/C N. Ritter 1704 (bolv. mo, nha. w). Fimhristxlis littoralis Gaudich. - 

w 

Emergent herb; GC/F N. Ritter 2978 (bolv, lpb, mo. nha, w). Oxyearyum cubense 
(Poepp. & Kunth) Lye — Floating mat-lorming herb; IM/O N. Ritter 3165 (boi.v, nha). 
Scleria experinoides Clark - Emergent herb; MW/C N. Ritter ct G.E. Crow 2299 
(bolv, mo. nha). Scleria macrophylla J. Presl & C. Presl - Emergent herb; MW/LA, 
SF/C, GC/C N. Ritter 3150 (bolv. lpb. mo. nha). Scleria microcarpa Nees e.x Kunth - 
Emergent herb; SF/O, VT/A N. Ritter 1402 (bolv, mo, nha, w). 


eriocaulaceae. Toniuo fluviatiUs Alibi. - Emergent herb; MW/A N. Ritter 1443 

(BOLV, lpb, mo, nha). 


helicon]aceae. Ilclicoiiia maruinata (Griggs) Piltier - Emergent herb; SC/A N. 
Ritter 1686 (bolv, lpb, mo. nha). 


HYDROCHARITAC'EAE. ApalatUhc g 

mersed herb; SF/A N. Ritter 1621 
(Humb. & Bonpl. e.x Willd.) Heine 


ranatensis (Humb. & Bonpl.) Planch. - Sub- 
(bolv. lpb. mo. nha. vv). Linwohiiuu laevigatum 
- Free-floating herb; GC/NN. 
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i immh'Hakitaclak. I dninoclmris /hiva (L.) Buchenau - Emergent herb: GC/R N. 
Ritter 1616 (bolv. lpb. mo. niia. w). 


oiu iiidaokal. Campylocentrum minutum C. Schweinf. - Epiphytic herb; IM/O N. 
Ritter 5555 (i pb, mo, nha. us/). Epide/ulrum schomhurgkii Lindl. - Epiphytic herb; 
MVV/R /V. Ritter & G.E. Crow' (bolv, mo. nha). Prizeu.xis J'alcata Lindl. - Epiphytic 
herb; I M/C N. Ritter 5557 (bolv. i.pb. mo. niia. us/, w). 


poackak. Aeroceras zizanioides (Humb.. Bonpl. & Knnlh) Dandy 


Emergent 


herb; GC/A N. Ritter 2975 (boiv. niia, w). Andropogon hieoniis (L.) Forsk. - 
Emergent herb; MW/O, IM/O N. Ritter 5575 (bolv. niia). Andropogon selloanus 
( I lack.) I lack. - Emergent herb; MW/O /V. Ritter 1654 (bolv, i.pb, mo. niia). A.xonopus 
jissifoUus (Raddi) Kuhlm. - Emergent herb; SP/R N. Ritter 1595 (bolv. i.pb. mo. niia). 

Coi.x Im rxma-johi L. - Emergent herb; GC/LA. Echinochloa eolo/ia (L.) Link - 
Emergent herb; GC/O N. Ritter 2995 (boi \ r . i.pb, mo, nha. w). Gynerium sagittatum 
t Alibi.) P. Beauv. Emergent herb; GC/A. *Hemartliria altissima (Poir.) Staph & C. 
E. I lubb - Emergent herb; GC/LA N . Ritter ../. Wood, /). Brummitt A /). Wasshausen 
<265 (boi \. i pb. mo, niia). Ilomolepis aturensis (Humb., Bonpl. & Kunth) Chase - 
Emergent herb; MW/C N. Ritter 1629 (bolv, i.pb, mo. niia). Hymenaehne 
omple.xiuiulis (Rudge) Nees - Emergent herb; GC/A N. Ritter 1691 (bolv. i.pb. mo. 
mia). Hymenaehne donaeifolia (Raddi) Chase Emergent herb; SE/E/V. Ritter 5159 
(bolv. niia). :? 7 lyparrhenia rttfa (Nees) StapE - Emergent herb; I M/E N. Ritter 51 
t boi \. lpb. mo. niia). Luziolu bdhiensis (Steud.) Ilitchc. - Eanergenl herb; MW/O N. 
Ritter 1651 (bolv. i pb. mo. mia). Panicum diehotomifiorum Michx. - Emergent herb; 
SP/E N. Ritter 1596 (bolv. lpb, mo. nha). Panicum grande Ilitchc. & Chase - 
Emergent herb; MW/C N. Ritter & G.E. ('row' 250S (boiv, mo. nha). Panicum 
hxlueicum Me/ - 


- Emergent herb; MW/LA N. Ritter 5S45 (bolv. mo. nha. us). 
Panicum lawnm Svv. - Emergent herb; VT/C N. Ritter 1405 (bolv, lpb, mo. niia). 
Panicum mertensii Roth - Emergent herb; PV/C N. Ritter 1679 (bolv, lpb. mo, nha). 
Panicum pilosum Svv. - Emergent herb; MW/O, VT/C. GC/LA N. Ritter 2956 (bolv. 
i pb, mo. mia. \v). Panicum polygonatum Sell rad. - Emergent herb; MW/A, IM/LA N. 
Ritter 5550 (bolv. i pb. mo. niia. w). Panicum schwuckcanum Me/ - Emergent herb; 
MW/F N. Ritter 1454 (bolv. i pb. mo. niia). Panicum stoloniferum Poir. - Emergent 
herb; VT/C /V. Ritter 1406 (boi v. i.pb. mo. niia). Paspalum conjugation P. J. Bergius - 
Eanergenl herb; GC/NN. Paspalum repens P. J. Bergius - Emergent herb; GC/NN. 
Stcinchisma hians (Elliott) Nash e.x Small - Emergent herb; MW/C N. Ritter 5142 
(bolv. niia). 


poni ldlri \( i;af;. Eichhornia crassipes (Mart.) Solms Herb with floating stems 
and/or petioles (at times free-floating); GC/NN. Eichhornia divcrsifolia (Vahl) Urb. - 
Herb with floating stems and/or petioles; GC/R /V. Ritter 2974 (bolv, oil niia). 
Pontederia rotundifolia L. I. - Herb with floating stems and/or petioles; SF/A N . 
Ritter 1622 (bolv. i.pb. mo, niia). 





